Ion chromatography is a new analytical technique in which the ions to be analyzed are separated on a special pellicular ion-exchange column. Once separated, the effluent from the separating column passes into a second ionexchange column, which removes the eluent or buffer ions from the moving phase without removing the sample ions, which are detected and measured by electrical conductivity on a background of low conductance. Trace quantities can be so determined. This technique has been applied to four biological fluids: blood serum, tissue extract, urine, and cerebrospinal fluid, It is shown to be a practical analytical tool, particularly for ions having no chromophores, such as sodium, ammonium, potassium, magnesium, calcium, chloride, nitrite, phosphate, and sulfate.
Ion chromatography (IC) is a new analytical technique recently reported by its developers, Small et al.
(1). Based on the principles of ion exchange, it makes use of a specially prepared low-capacity pellicular resin in a separating column to separate the ions of interest in the sample. The separated ions, in the presence of the buffer used to elute them, pass into a second high-capacity ion-exchange column, termed a "suppressor column," which removes or suppresses the normally high buffer background conductance to permit detection of trace amounts of the ionic species by electrical conductivity.
An example of how background conductance is reduced can be demonstrated for a typical separation of alkali metals. In this case the hydrogen ion is a sufficient]y good eluting ion for the alkali metals and so a strong acid such as HC1 is used. The separating resin, a strong cation exchanger, is therefore in the hydrogen ion form. The alkali metals are eluted through the column and separated from each other by controlling eluent strength and flow rate. For such a system, the resin in the suppressor column would be a strong anion exchanger in the hydroxide ion form. The hydroxide reacts with the eluent proton to form H20 while the acid counter-ion, chloride in this case, must take up the site vacated by the hydroxide to preserve electroneutrality. The alkali metals pass out of the suppressor column as the hydroxides, their original counter-ions in the sample being exchanged in the suppressor column. Therefore, the metal hydroxides are determined on a background of demineralized water.
As can be seen in Table 1 , the hydrogen ion is only one of the eluents that can be used for cation analysis and several such possibilities also exist for anion analysis. The criteria are that the eluent must either remove the buffer ions or convert them to a less conducting species. The selection of an eluent depends on the relative affinities of the ions for the ion-exchange resin.
Electrical conductivity is in general a simple function of species concentration, particularly in the ranges handled by IC (10 g/liter to 10 &g/liter). It is therefore a simple matter to quantitate the ions of interest by use of either external or internal standards.
An advantage of IC is that it makes it possible to determine ions that do not absorb in the ultraviolet or cannot be complexed with a reagent and determined photometrically. Such classes include inorganic anions, phosphates, sulfates, alkali metals, alkali earths, ammonia, amines, and quaternary ammonium compounds. The usual analysis time in the IC technique is 1 to 5 mm per ion in multi-component mixtures. I describe here the application of IC to analysis of four different biological fluids: blood serum, urine, cerebrospinal fluid, and tissue extract. Each were analyzed
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Materials and Methods
No pretreatment
of biological fluids was found necessary, except a 40-fold predilution in the case of the blood serum, cerebrospinal fluid, and tissue extract, and 100-fold in the case of urine. Each sample was kept frozen until use ahd thawed and loaded into a 10-ml plastic syringe. The syringe contained a sterile disposable pressure filter (Millipore to filter out particulates upon injection. Samples were loaded into a commercially available ion chromatograph manufactured by Dionex Corporation. It was equipped with a 100-tl sample loop. Conditions for each run were as follows: diamine dihydrochioride, see above) is necessary to elute the alkali earths. Under these conditions, sodium, ammonium, and potassium elute as one peak at the beginning of the chromatogram. Run time in this instanceis 20 mm.
A chromatogram of the anions in urine is shown in Figure 3 . It is possible to determine chloride, nitrite, phosphate, and sulfate in this instance, and in most of the instances studied. Total run time for these four anions is about 35 mm. The peak not lettered, occurring between c and d, the phosphate and sulfate peaks, is in the region where nitrate elutes. Because of the peak width, we believed that another peak was co-eluting with the nitrate, so the latter was not quantitated. The sample-ion peaks were compared to standard peaks of an external standard, for identification by retention times, and concentrations were derived from comparison of either peak heights or areas.
Results
Figures 1, 2, and 3 show representative chromatograms of alkali metals and ammonia (urine), alkali earths (serum), and anions (urine).
Notice in Figure 1 that sodium, ammonium, and potassium are the only peaks seen under these conditions and that the run time is approximately 22 mm. Because all peaks appear within a 12-mm interval, this is the minimum time for a complete analysis. Figure 2 shows the chromatogram for magnesium and calcium in serum. A much stronger eluent (phenylene-I Trademark of Dionex Corporation. Anal. Chem. 47, 1801 Chem. 47, (1975 . It is possible to analyze many components in a reasonably short time if all can be eluted and separated from one another. The general-purpose detection system made possible by the IC method makes just such a multicomponent analysis highly practical. A disadvantage is that it is often difficult to select specific compounds for high-speed analysis, because all components in a complex mixture are applied to the column and all or most must be eluted before another sample is applied. Another disadvantage to any chromatographic system appears with compounds that have closely similar separation characteristics.
In this case overlap will occur, often making measurement impossible. Figure 4 , anions in tissue extract, can be used to illustrate these problems. As can be seen, peaks a, b and c (chloride, nitrite, and phosphate) can be determined.
The peak normally attributed to sulfate at the end of the chromatogram is obviously masked by at least one other peak. Obviously other eluent conditions, for instance, would be needed before sulfate could be measured. Secondly, particularly in tissue extract and in urine, some peaks eluted after 35 mm. These must be eluted before the column is ready for another analysis. Finally, in Figure 4 it should be noted that at least four peaks appear before the chloride peak, peak a. This set of peaks could be separated by using weaker eluting conditions.
With the above in mind, it seems fair to say that IC may be most useful in the determination of a large number of components normally present in complex fluids, using either a gradient or stepwise buffer elution. Such analyses might take an hour or more to complete for each sample, and include in an anion run, for instance, organic acids and organic phosphates as well as inorganic anions. Further experiments in this laboratory are being directed along these lines.
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